This report gives the results of the electrophysiological studies performed on a group of 26 patients referred with the diagnosis of typical and atypical Friedreich's ataxia. The clinical features of these patients are reported in a previous paper.
MATERIAL AND METHODS
The age of onset of the 26 patients examined ranged from 4 to 15 years. At the time of the electrophysiological studies, the patients aged from 4 to 48 years and the duration of the disease varied from 1 to 40 years. All patients were tested in a warm room at a temperature of 23°C and lying on a couch, covered with a blanket. A three channel commercial model electromyograph DISA was used.
Sensory nerve action potentials (S.A.P.) were recorded with saddle surface electrodes from the superficial radial, median and ulnar nerves at the wrist after stimulation with ring electrodes (Dawson and Scott, 1949) of the thumb, index and little finger respectively. The sural nerve was stimulated antidromically at several points in the lower third of the posterior aspect of the leg and the responses were recorded with saddle surface electrodes applied at the ankle behind the lateral mal- leolus (DiBenetto, 1970; Dunn, 1973) . In all patients motor conduction velocity (M.C.V.) was measured in the median nerve and in 24 patients in the peroneal nerve. M.C.V. was also determined for the ulnar nerve in 14 patients and for the posterior tibial nerve in 12 cases. Muscle action potentials were registered with surface electrodes from the abductor pollicis brevis, adductor digiti minimi, extensor digitorum brevis and abductor halliicis brevis after supra maximal stimulation of the median, ulnar, peroneal and posterior tibial nerves respectively. Motor latencies were measured to the initial deflection of the potentials from the base line. M.C.V.'s were determined after stimulation at two different sites (wrist and elbow or ankle and knee levels).
Electromyogram ( tensor digitorum brevis and tibialis anterior muscles was done using a concentric needle electrode. Several parameters were studied including the presence or absence of fibrillation potentials and of positive sharp waves, the presence or absence of polyphasic motor unit action potentials (M.U.A.P.'s) of prolonged duration and finally the pattern of recruitment of M.U.A.P.'s during maximal voluntary effort. Records obtained from 50 normal subjects (age 10 to 40) served as controls.
RESULTS

a) Sensory nerve conductions
Electrophysiological abnormalities in sensory fibers were present in all patients irrespective of age of onset or duration of the disease. Of 26 patients, 22 had no S.A.P. detectable at the wrist over the superficial radial, median or ulnar nerves after
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Nerve In 25 patients, no response was obtained at the ankle on stimulating the sural nerve at several points in the leg. In one patient a nerve action potential was detected, but both its amplitude (2^tV -normal mean 10uV ±4) and conduction velocity (31.9 m/sec -normal mean 48.9 ±4.4) were clearly diminished.
b) Motor nerve conduction
Values obtained for the median, ulnar, peroneal and posterior tibial nerves are shown in Figures 1, 2, 3 and 4. Based on the degree of slowing of MCV's, two groups of patients could be identified. The first group (A) consisted of 17 patients, with borderline low MCV's both in upper and lower limbs. Conduction velocities of motor fibers averaged 46.7, 49.1, 36.4 and 37.5 meters/sec. for the median, ulnar, peroneal and posterior tibial nerves, respectively. These are less than the normal mean values for these nerves (57.6 ±3.9, 59 ± 5.3, 49 ± 4.6, 47.8 ± 4, respectively). With a few exceptions, distal motor latencies were within normal limits. Clinically all of them presented the typical criteria of the disease (Group la). The second group (B) of 9 patients was characterized by a marked slowing of MCV's with average values of 34.5, 33.1 and 23.5 meters/sec. for the median, ulnar and peroneal nerves respectively. In three patients, no response was obtained on stimulating the right and left peroneal nerves at the ankle or at the knee. Finally, in most instances distal motor latencies were prolonged. All the patients in this group belonged to atypical (Group II) cases. In neither group was there a correlation between the degree of slowing of MCV and the age of onset or the duration of the disease ( Figure  5 ).
c) Electromyographic .studies
EMG findings in the extensor digitorum brevis and tibialis anterior muscles are summarized in Table I . It can be seen that fibrillation potentials and/or positive sharp waves were infrequent in patients of Group A or B. They were present in only 16% of the tested muscles. Polyphasic M.U.A.P.'s of prolonged duration were observed in 34% of the muscles in which a voluntary activity could be elicited. Loss of suprasegmental influences could partly explain the total inability of a few patients to activate voluntarily M.U.A.P.'s. The same explanation could hold for the diminution of the interference pattern during maximal voluntary effort which was noted in most of the other patients.
DISCUSSION
As reported
previously in Friedreich's ataxia (Preswick, 1968; Dyck and Lambert, 1968; McLeod, 1971; Oh and Hasley, 1973; Fiaschi et al., 1976) , impairment of sensory conduction was the most striking and common abnormality found in this series of 26 patients with typical and atypical features of the disease. Digital nerve S.A.P.'s and sural nerve action potentials were absent in 92% and 96% of the cases respectively, whereas the remainder of the patients had abnormally low amplitude potentials with slow conduction velocities.
Such findings are in keeping with the pathological observations made in Friedreich's ataxia, which show a selective degeneration of the large neurons in the posterior root ganglia with a disappearance of large myelinated fibers in peripheral sensory nerves (Hughes et al., 1968; McLeod, 1971) . In view of the fact that no S.A.P.'s could be recorded in a 8 year-old girl whose mild clinical symptoms had begun a year prior to examination, it is likely that the degenerative phenomena start early in life. Therefore, studies of S.A.P.'s may represent a useful diagnostic test for early detection of affected children in families with a positive history of Friedreich's ataxia.
In a group of 17 patients presenting the typical features of the disease, M.C.V.'s were only slightly diminished irrespective of the duration of illness. On the whole, the values were similar to those reported previously (Preswick, 1968; Dyck and Lambert, 1968; McLeod, 1971; Oh and Hasley, 1973; Salisachs et al., 1975; Fiaschi et al., 1976) . This mild slowing of motor conduction is in agreement with the concept that patients with Friedreich's ataxia have a chronic slowly progressive motor neuropathy of the dying-back type producing axonal degeneration of large myelinated fibers. The slow rate of progression of the disease may explain (Salisachs et al., 1975) the subtleness of neuropathic changes observed on EMG examination of lower limbs muscles.
A second group of 9 patients had markedly slow MCV's and the severity of the abnormalities was of the same magnitude in brothers and sisters of 2 families examined. It is likely that these patients represent a separate entity whether they have the Roussy-Levy syndrome (RLS) or the Charcot-Marie-Tooth disease (CMTD). RLS has been distinguished from Friedreich's ataxia on the basis of several criteria. The mode of inheritance is different, being autosomal recessive in Friedreich's ataxia and usually autosomal dominant in the RLS (Yudell et al., 1965; Oelschlager et al., 1971) . Clinically, patients with the RLS present with clumsy gait, dysequilibrium while standing, pes cavus, areflexia, clumsiness and slight atrophy of the hands and tremor. The original papers (RoussyLevy, 1926 (RoussyLevy, , 1932 (RoussyLevy, , 1934 mentioned certain distinct features such as the early onset of gait disturbance, the slow progression of disability and the absence of cerebellar or corticospinal tract involvement. Little has been added to this description with the exception that impairment of position and vibratory sense has been noted in many of these patients (Spillane, 1940; Yudell et al., 1965; Oelschager et al., 1971 ) whereas a few of them may have Babinski's sign or a severe amyotrophy, the latter being a late feature of the disease (Lapresle, 1956) . A constant finding in the RLS has been a marked slowing of MCV's (Oeschlager, 1971; Yudell et al., 1965) comparable to that seen in patients with CMTD. The similarity of the mode of inheritance as well as the clinical picture led Yudell et al. (1965) to the conclusion that the RLS was a form of CMTD associated with essential tremor. As nerve hypertrophy and onion-bulb formations have been observed in both conditions, they are now classified as dominantly inherited hypertrophic neuropathy Type I (Dyck, 1975) . It is obvious that in our series a definite classification of this second group of patient must await the result of histological examination of sural nerve biopsies.
